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Oascrtption 

Field of the Invention : 

5 [0001] The invention relates to double metal cyanide (DMC) complex catalysts useful for epoxide polymerization. In 
particular, the DMC catalysts of the invention are easy to prepare, have exceptional activity, and are readily removed 
if desired from polymer products. 

Background of the Invention : 

10 

[0002] Double metal cyanide (OMC) complexes are well-known catalysts for epoxide polymerization. These active 
catalysts give polyether polyols that have low unsaturation compared with similar polyols made using basic (KOH) 
catalysts. The catalysts can be used to make many polymer products, including polyether, polyester, and polyetherester 
polyols. The polyols can be used in polyurethane coatings, elastomers, sealants, foams, and adhesives. 

15 [0003] DMC catalysts are usually made by reacting aqueous solutions of metal salts and metal cyanide salts to form 
a precipitate of the DMC compound. A low molecular weight complexing agent, typically an ether or an alcohol, is 
included in the catalyst preparation. The complexing agent is needed for favorable catalyst activity. 
[0004] In one common preparation, aqueous solutions of zinc chloride (excess) and potassium hexacyanocobaltate 
are mixed together, and dimethoxyethane (glyme) is added to the resulting slurry. After filtration and washing of the 

20 catalyst with aqueous gtyme^ an active catalyst is obtained that has the formula: 

Zn3[Co(CN)e]2 'xZnClg • yHgO • zGlyme 

25 [0005] Other known complexing agents include alcohols, ketones, esters, amides, ureas, and the like. (See, for 
example, U.S. Patent Nos. 3,427.256. 3,427,334. 3,278.459, and Japanese Pat. Appl. Koka Nos. 4-145123, 3-281529, 
and 3-149222). The catalyst made with glyme has been the most widely used. The complexing agents used are typically 
water-soluble, and have molecular weights less than 500. See, for example, U.S. Patent No. 4.477,589 (column 3), U. 
S. Patent No. 3,829,505 (column 12), and U.S. Patent No. 5,158.922 (column 6). 

30 [0006] Although low molecular weight polyethers such as, for example, glyme, diglyme, triglyme, and ethylene glycol 
monomethyl ether, have been used as complexing agents in DMC catalysts, no one has taught solid catalysts that 
include 5-80 wt.% of a polyether having a molecular weight greater than 500. U.S. Patent No. 4,477,589 teaches a 
catalyst preparation method in which a DMC catalyst suspension in water is combined with a large proportbn of a 300 
mofecafar weight propoxylated glycerol. Volatile materials (water, glyme) are stripped from this mixture, ieavir}g a sus- 

3S pension of 3.7 wt.% of the DMC catalyst in the propoxylated glycerol. The catalyst/ propoxylated glycerol suspension 
is then used to make a higher molecular weight polyether polyol. 

[0007] Double metal cyanide catalysts generally have good activity for epoxide polymerizations, often much greater 
than conventional basic catalysts (such as KOH). However, because the DMC catalysts are rather expensive, catalysts 
with improved activity are desirable because reduced catalyst levels could be used. 

40 [0008] Regardless of whether KOH or a DMC catalyst is used to make a polyether polyol, a catalyst removal step is 
normally required. When KOH is used to nnake polyols, the crude product is typically treated with an adsorbent such 
as magnesium silicate, is water-washed, or is ion-exchanged to remove potassium ran residues in the polyol. Double 
metal cyanide catalysts are often more troublesome to remove from polyols, and many catalyst-removal methods, 
most involving some kind of chemical treatment, have been developed for these catalysts. Some of these methods 

45 are described in U.S. Patent Nos. 4,355,188, 4.877,906, and 5,248,833. A preferred DMC catalyst would be easily 
removed from polyol products by ordinary filtration and would not require chemical treatment. 
[0009] Any catafyst removaf process is cost/y. The process steps are ttme-consam/ng, labor-ir^ter^sive, and require 
treatment materials. Utility costs are often high. Polyol treatment generates waste products: wastewater from water 
washing, adsorbent filter cakes, spent ion-exchange resins. 

50 [0010] An ideal catalyst would give polyether polyols with low unsaturation and would be active enough to allow its 
use at a very low concentrations, preferably at concentrations low enough to overcome any need to remove the catalyst 
from the polyol. An epoxide polymerization catalyst that eliminates the need for a catalyst removal step for many end- 
use applications would clearly be valuable to polyether polyol manufacturers. 

55 Summary of the Invention : 

[0011] The invention is a solid double metal cyanide (DMC) catalyst useful for epoxide polymerizations. The catalyst 
comprises a DMC compound, an organic complexing agent, and from about 5 to about 80 wt.%, based on the amount 
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of catalyst, of a pofyether having a number average molecular weight greater than about 500. The catalyst of the 
invention has enhanced activity for epoxide polymerizations compared with a similar catalyst prepared in the absence 
of the polyether. The catalysis are particularly useful for preparing polyether polyols that have exceptionally low un- 
saturation levels. 

5 [0012] The invention includes a method for preparing double metal cyanide (DMC) catalysts useful for epoxide po- 
lymerization. The method comprises preparing a solid DMC catalyst in the presence of a polyether having a number 
average molecular weight greater than about 500. wherein the solid DMC catalyst contains from about 5 to about 80 
wt.7o of the polyether. 

[0013] It has surprisingly been found that solid DMC catalysts containing from about 5 to about 80 wt.%, based on 
10 the amount of catalyst, of a polyether having a number average molecular weight greater than about 500. are easy to 
prepare, have exceptional activity and are readily removed, if desired, from polymer products. In fact, the activity of 
the catalysts is high enough to allow their use at very low concentrations, effectively eliminating the need for catalyst 
removal for many end-use applications. 

IS Brief Description of the Drawing : 

[0014] Figure 1 shows a plot of propylene oxide consumption versus time during a polymerization reaction with one 
of the catalysts of the invention at 100 ppm catalyst. The activity of the catalyst (usually reported in this application as 
kilograms of propylene oxide converted per gram of cobalt per minute) is determined from the slope of the curve at its 
20 steepest point. 

Detailed Description of the Invention : 

[0015] Double metal cyanide (DMC) compounds useful in the invention are the reaction products of a water-soluble 
25 metal salt and a water-soluble metal cyanide salt. The water-soluble metal salt preferably has the general formula M 
(X)„ in which M is selected from the group consisting of Zn(ll), Fe(ll), Ni(ll), Mn(ll). Co(II), Sn(ll). Pb(ll), Fe(lll), Mo(IV). 
Mo(VI), Al(lll), V(V), V(IV), Sr(ll), W(!V), W(VI). Cu(ll), and Cr(III). More preferably, M is selected from the group con- 
sisting of Zn(ll), Fe(l!), Co(ll), and Ni(ll). In the formula, X is preferably an anion selected from the group consisting of 
halide, hydroxide, sulfate, carbonate, cyanide, oxalate, thiocyanate, isocyanate, isolhiocyanate, carboxylate. and ni- 
30 trate. The value of n is from 1 to 3 and satisfies the valency state of M. Examples of suitable metal salts include, but 
are not limited to, zinc chloride, zinc bromide, zinc acetate, zinc acetonylacetonate, zinc benzoate. zinc nitrate, iron(lt) 
sulfate, iron(II) bromide, cobalt(ll) chloride, cobalt(ll) thiocyanate, nickel(ll) formate, nickel(ll) nitrate, and the like, and 
mixtures thereof. 

[0016] The water-soluble metai cyanide salts used to make the double metal cyanide compounds preferably have 
35 the general formula (Y)gM'(CN)b(A)(, in which M' is selected from the group consisting of Fe(ll), Fe(lll), Co(ll). Co(lll), 
Cr(ll). Cr(lll). Mn(II). Mn(lll), Ir(IM). Ni(ll). Rh(III). Ru(II). V(IV). and V(V). More preferably, M' is selected from the group 
consisting of Co(ll), Co(lll). Fe(ll), Fe(lll), Cr(lll). Ir(lll), and Ni(ll). The water-soluble metal cyanide salt can contain one 
or more of these metals. In the formula. Y is an alkali metal ion or alkaline earth metal ion. A is an ion selected from 
the group consisting of halkle. hydroxide, sulfate, carbonate, cyanide, oxalate, thiocyanate. isocyanate. isothiocyanate, 
40 carboxylate, and nitrate. Both a and b are integers greater than or equal to 1 ; the sum of the charges of a, b. and c 
balances the charge of M'. Suitable water-soluble metal cyanide sarts include, but are not limited to. potassium hexa- 
cyanocobaltate(III), potassium hexacyanoferrate(ll), potassium hexacyanoferrate(lll), calcium hexacyanocobaltate 
(III), lithium hexacyanocobaltate(lll), and the like. 

[0017] Examples of double metal cyanide compounds that can be used in the invention include, for example, zinc 
45 hexacyanocobaltate(lll), zinc hexacyanoferrate(lll), nickel hexacyanoferrate(ll). cobalt hexacyanocobaltate(lll), and 
the like. Further examples of suitable double metal cyanide complexes are listed in U.S. Patent No. 5,158,922, the 
teachings of which are incorporated herein by reference. Zinc hexacyanocobaltate(lll) is preferred. 
[0018] The solid DMC catalysts of the invention include an organic complexing agent. Generally the complexing 
agent must be relatively soluble in water. Suitable complexing agents are those commonly known in the art, as taught. 
50 tor example, in U.S. Patent No. 5,158,922. The complexing agent is added either during preparation or immediately 
tolJowing precipttatton of the catalyst. Usually, an excess amount of the complexing agent is used. Preferred complexing 
agents are water-soluble heteroatom-containing organic compounds that can complex with the double metal cyanide 
compound. Suitable complexing agents include, but are not limited to, alcohols, aldehydes, ketones, ethers, esters, 
amides, ureas, nitriles, sulfides, and mixtures thereof. Preferred complexing agents are water-soluble aliphatic alcohols 
55 selected from the group consisting of ethanol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol, 
and tert-butyl alcohol. Tert-butyl alcohol is particularly preferred. 

[001 9] The solid DMC catalysts of the invention include from about 5 to about 80 wt.%. based on amount of catalyst, 
of a polyether having a number average molecular weight greater than about 500. Preferred catalysts include from 



3 



EP0 700 949 B1 



about 10 to about 70 wt-% of the polyether; most preferred catalysis include from about 15 to about 60 wt.% of the 
polyothor. At least about 5 wt.% of the polyether is needed to significantly improve the catalyst activity compared with 
a catalyst made in the absence of the polyether. Catalysts that contain more than about 80 wt.% of the polyether 
generally are no more active, and they are impractical to isolate and usg because they are typically sticky pastes rather 
than powdery solids. 

[0020] Suitable polyethers include those produced by ring-opening polymerization of cyclic ethers, and include epox- 
ide polymers, oxetane polymers, tetrahydrofuran polymers, and the like. Any method of catalysis can be used to make 
the polyethers. The polyethers can have any desired end groups, including, for example, hydroxyl, amine, ester, ether, 
or the like. Preferred polyethers are polyether polyols having average hydroxyl functionalities from about 2 to about 8 
and number average molecular weights within the range of about 1000 to about 10,000, more preferably from about 
1000 to about 5000. These are usually made by polymerizing epoxides in the presence of active hydrogen-containing 
initiators and basic, acidic, or organometallic catalysts (including DMC catalysts). Useful polyether polyols include poly 
(oxypropylene) polyols. EO-capped poly(oxypropylene) polyols, mixed EO-PO polyols, butylene oxide polymers, buty- 
lene oxide copolymers with ethylene oxide and/or propylene oxide, polytetramethylene ether glycols, and the like. 
Polyethylene glycols are generally not useful in the invention. Most preferred are poly(oxypropylene) polyols, particu- 
larly diols and triols having number average molecular weights within the range of about 2000 to about 4000. 
[0021] 1 found that both an organic complexing agent and a polyether are needed in the double metal cyanide catalyst. 
Including the polyether in addition to the organic complexing agent surprisingly enhances catalyst activity connpared 
with the activity of a similar catalyst prepared in the absence of the polyether (see Examples 1-3 and Comparative 
Example 4). The organic complexing agent is also needed: a catalyst made in the presence of the polyether. but without 
an organic complexing agent such as tert-butyl alcohol, will not polymerize epoxides (see Comparative Example 5). 
[0022] The catalysts of the invention are characterized by any suitable means. The polyether and organic complexing 
agent are conveniently identified and quantified, for example, using thermogravimetric and mass spectral analyses. 
Metals are easily quantified by elemental analysis. 

[0023] The catalysts of the invention can also be characterised using powder X-ray diffraction. The catalysts exhibit 
broad lines centered at characteristic d-spacings. For example, a zinc hexacyanocobalate catalyst made using tert- 
butyl alcohol and a poly(oxypropylene) diol of about 4000 molecular weight has two broad signals centered at d-spac- 
ings of about 5.75 x lO'io m (5.75 A) and 4.82 x 1 0-i^ (4.82 A) and a somewhat narrower signal centered at a d-spacing 
of about 3.76 x lO-^o m (3.76 A). (See Table 2). This diffraction pattern is further characterised by the absence of sharp 
lines corresponding to highly crystalline zinc hoxacyanocobaltate at d-spacings of about 5.07 x 10*1° m (5.07 A), 3.59 
X lO'iO m (3.59 A), 2.54 x lO'^o m (2.54 A), and 2.28 x lO'^o m (2.28 A). 

[0024] The invention includes a method for preparing solid DMC catalysts useful for epoxide polymerization. The 
method comprises preparing a DMC catalyst in the presence of an organic complexing agent and a polyether having 
a number average molecular weight greater than about 500, wherein the solid DMC catalyst contains from about 5 to 
about 80 wt% of the polyether. 

[0025] Generally, the method is performed by reacting, in an aqueous solution, a metal salt (excess) and a metal 
cyanide salt in the presence of the polyether and an organic complexing agent. Enough of the polyether is used to give 
a solid DMC catalyst that contains from about 5 to about 80 wt% of the polyether catalysts made using the method of 
the invention have enhanced activity for epoxide polymerization compared with similar catalysts prepared in the ab- 
sence of the polyether. 

[0026] In one preferred method of the invention (illustrated by Examples 1-3 and 7 below), aqueous solutions of a 
metal salt (such as zinc chloride) and a metal cyanide salt (such as potassium hexacyanocobaltale) are first reacted 
in the presence of an organic complexing agent (such as tert-butyl alcohol) using efficient mixing to produce a catalyst 
slurry. The metal salt is used in excess. The catalyst slurry contains the reaction product of the metal salt and metal 
cyanide salt, which is the double metal cyanide compound. Also present are excess metal salt, water, and organic 
complexing agent; each is incorporated to some extent In the catalyst structure. 

[0027] The organic complexing agent can be included with either or both of the aqueous salt solutions, or it can be 
added to the catalyst slurry Immediately folk)wing precipitation of the DMC compound. It is generally preferred to pre- 
mlx the complexing agent with either aqueous solution, or both, before combining the reactants. 
[0028] The aqueous metal salt and metal cyanide salt solutions (or their DMC reaction product) need to be mixed 
efficiently with the complexing agent to produce the most active form of the catalyst. A homogenizer or high-shear 
stirrer is conveniently used to achieve efficient mixing. 

[0029] The catalyst slurry produced in the first step is then combined with a polyether having a number average 
molecular weight greater than 500. This second step is preferably performed using low-shear mixing. When very effi- 
cient mixing is used in this step, the mixture tends to thicken and coagulate, which complicates isolation of the catalyst. 
In addition, the catalyst often lacks the desired enhanced activity 

[0O3O] Third, a polyether-containing solid catalyst is isolated from the catalyst slurry. This is accomplished by any 
convenient means, such as filtration, centrifugation, or the like. 
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[0031] The isolated polyether-containing solid catalyst is then washed with an aqueous solution that contains addi- 
tional organic complexing agent. Washing is generally accomplished by reslurrying the catalyst in the aqueous solution 
of organic complexing agent, followed by a catalyst isolation step. This washing step is used to remove impurities from 
the catalyst, for example KCI, that will render the catalyst inactive if they are not removed. Preferably, the amount of 
5 organic complexing agent used in this aqueous solution is within the range of about 40 wt.% to about 70 wt.%. It is 
also preferred to include some polyether in the aqueous solution of organic complexing agent. The amount of polyether 
in the wash solution is preferably within the range of about 2 wt.% to about 8 wt.%. Including a polyether in the wash 
step generally enhances catalyst activity. 

[0032] While a single washing step suffices to give a catalyst with enhanced activity it is preferred to wash the catalyst 
10 more than once. The subsequent wash can be a repeat of the first wash. Preferably the subsequent wash is non- 
aqueous, i.e.. it includes only the organic complexing agent or a mixture of the organic complexing agent and polyether 
The advantage of multiple washings on catalyst activity is shown below in Example 7. 

[0033] After the catalyst has been washed, it is usually preferred to dry it under vacuum (26 in. Hg to about 30 in. 
Hg) until the catalyst reaches a constant weight. The catalyst can bo dried at temperatures within the range of about 
15 40''C to about 90'C. 

[0034] In a second preferred method of the invention, impurities are removed from the catalyst during preparation 
by a dilution method that eliminates the need to wash the isolated polyether-containing catalyst with an aqueous solution 
of complexing agent. Example 6 below illustrates the method. 

[0035] First, aqueous solutions of a metal salt (excess) and a metal cyanide salt are reacted in the presence of an 

20 organic complexing agent using efficient mixing (as described above) to produce a catalyst slurry. Second, the catalyst 
slurry is mixed efficiently with a diluent which comprises an aqueous solution of additional organic complexing agent. 
The diluent is used in an amount effective to solubilize impurities (i.e., excess reactants, KCI, etc.) in the aqueous phase. 
[0036] After dilution with aqueous complexing agent, the catalyst slurry is combined with a polyether having a number 
average molecular weight greater than about 500. It is generally preferred to use low-shear mixing In this step. The 

25 polyether-containing solid catalyst is then isolated from the slurry by any convenient means (as described earlier), 
including filtration, centrifugation, or the like. After isolation, the catalyst is preferably washed with additional organic 
complexing agent or a mixture of additional polyether and organic complexing agent. This washing step can be ac- 
complished without the need to reslurry or resuspend the solids in the wash solvent (see Example 6). Finally a solid 
DMC catalyst that contains from about 5 to about 80 wt.% of the polyether is isolated. 

30 [0037] The catalysts of the invention have significantly higher activity than DMC catalysts previously known in the 
art. In fact, the catalysts of the invention are active enough to allow their use at very low catalyst concentrations, such 
as 25 ppm or less (see Example 8 below). At such low catalyst levels, the catalyst can often be left in the polyether 
polyol product without an adverse impact on product quality. For example, the amount of residual Zn and Co in the 
polyol from a zinc hexacyanocobaltate catalyst of the invention can be within product specifications (< 5 ppm each) 

35 before any purification of the polyol. When higher product purity is needed, a simple filtration is usually adequate to 
remove the last traces of catalyst from the polyol product; the catalyst appears to be heterogeneous. The ability to 
leave these catalysts in the polyol is an important advantage because at present, all manufactured polyether polyols 
(most of which are made using KOH catalysis) require a catalyst removal step. 

[0038] The following examples merely illustrate the invention. Those skilled in the art will recognize many variations 
^0 that are within the spirit of the invention and scope of the claims. 

Example 1 

[0039] Catalyst Preparation . Potassium hexacyanocobaltate (8.0 g) is dissolved in deionized (Dl) water (140 mL) in 
45 a beaker (Solution 1). Zinc chloride (25 g) is dissolved in Dl water (40 mL) in a second beaker (Solution 2). A third 
beaker contains Solution 3: a mixture of Dl water (200 mL), tert-butyl alcohol (2 mL), and polyol (2 g of a 4000 mol. 
wt. poly(oxypropylene) diol prepared via double metal cyanide catalysis using the method of Comparative Example 4). 
[0040] Solutkjns 1 and 2 are mixed together using a homogenizer Immediately, a 50/50 (by volume) mixture of tert- 
butyl alcohol and Dl water (200 mL total) is added to the zinc hexacyanocobaltate mixture, and the product is homog- 
50 enized for 10 min. 

[0041] Solutkxi 3 (the polyol/water/tert-butyl alcohol mixture) is added to the aqueous slurry of zinc hexacyanoco- 
baltate, and the product is stirred magnetically for 3 min. The mixture is filtered under pressure through a 5-jj.m filter 
to isolate the solids. 

[0042] The solid cake is reslurried in tert-butyl alcohol (140 mL), Dl water (60 mL), and additional 4000 mol. wt. poly 
55 (oxy propylene) diol (2.0 g), and the mixture is homogenized for 10 min. and filtered as described above. 

[0043] The solid cake is reslurried in tert-butyl alcohol (200 mL) and additional 4000 mol. wt. poly(oxypropylene) diol 
(1.0 g). homogenized for 10 min.. and filtered. The resulting solid catalyst is dried under vacuum at 50*C (30 in. Hg) 
to constant weight. The yield of dry, powdery catalyst is 10.7 g. 
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[0044] Elemental, thermogravi metric, and mass spectral analyses of the solid catalyst show: polyol = 21.5 wt.7o, lert- 
butyl alcohol = 7.0 wt.%; cobalt = 11 .5 wt.%. 

[0045] Polvether polyol synthesis and measurement of catalyst activity . A sample of the catalyst prepared as de- 
scribed above is used to prepare a polyether triol having a hydroxyl number of about 30 mg KOH/g as follows. 
[0046] A one-liter stirred reactor is charged with 70 g of a 700 mol. wt poly(oxypropyleno) triol starter polyol and 
0.057 g of the zinc hexacyanocobaltate/tert-butyl alcohol/polyether polyol catalyst (100 ppm of catalyst in the final 
polyol product). The mixture is stirred and heated to 105**C under vacuum to remove traces of residual water. Propylene 
oxide (PO) (10 g) is added to the reactor, and the pressure in the reactor is increased from vacuum to about 4 psig. 
An accelerated drop in reactor pressure soon occurs, indicating that the catalyst has become activated. After initiation 
of the catalyst is verified, additional propylene oxide (a total of 500 g) is added slowly to the reactor to maintain the 
reactor pressure at about 10 psig. 

[0047] The activity of this catalyst, measured from the slope of a PO conversion vs. time plot at its steepest point 
(see Figure 1 for a sample plot), is 3.31 kg PO per gram of cobalt per minute. After the PO addition is complete, the 
reaction mixture is held at 105'C until a constant pressure is obtained^ which indicates that PO conversion is complete. 
The mixture is vacuum stripped at 60" C for 0.5 h to remove any traces of unreacted PO from the reactor. The product 
is cooled and recovered. The product is a poly{oxypropylene) triol having a hydroxyl number of 29.8 mg KOH/g and 
an unsaturation of 0.0055 meq/g. 

Example 2 

[0048] Catalyst preparation . A one-gallon glass pressure reactor is charged with a solution of potassium hexacyano- 
cobaltate (40 g) in Dl water (700 mL) (Solution 1 ). Zinc chloride (1 25 g) is dissolved in a beaker with Dl water (200 mL) 
(Solution 2). Tert-butyl alcohol (500 mL) is dissolved in a beaker with Dl water (500 mL) (Solution 3). A fourth mixture 
(Solution 4) is prepared by suspending a 4000 mol. wt. poly(oxypropylene) diol (60 g, same as is used in Example 1 ) 
in Dl water (1000 mL) and tert-butyl alcohol (10 mL). 

[0049] Solutions 1 and 2 are combined with stirring at 300 rpm followed immediately by slow addition of Solution 3 
to the resulting zinc hexacyanocobaltate mixture. The stirring rate is increased to 900 rpm. and the mixture is stirred 
for 2 h at room temperature. The stirring rate is reduced to 300 rpm, and Solution 4 is added. The product is mixed for 
5 min., and is filtered under pressure as described in Example 1 to isolate the solid catalyst. A portion of this catalyst 
(Catalyst A) is set aside for use in Example 7 to show the impact of washing on catalyst activity 
[0050] The rest of the solids are reslurried in tert-butyl alcohol (700 mL) and Dl water (300 mL), and stirred at 900 
rpm for 2 h. The stirring rate is reduced to 300 rpm, and 60 g of the 4000 mol. wt. poly(oxypropylene) diol is added. 
The mixture is stirred for 5 min., and is filtered as described above. 

[0051] The solids are reslurried in tert-butyl alcohol (1000 mL) and stirred at 900 rpm for 2 h. The stirring rate is 
reduced to 300 rpm. and 30 g of the 4000 mol. wt. poly(oxypropylene) diol is added. The mixture is stirred for 5 min., 
and is filtered as described above. The resulting solid catalyst is dried under vacuum at 50**C (30 in. Hg) to constant 
weight. The catalyst is easily crushed to a fine, dry powder. 

[0052] Elemental, themnogravimetric, and mass spectral analyses of the solid catalyst show: polyol = 45.8 wt.%; tert- 
butyl alcohol = 7.4 wt.%; cobalt = 6.9 wt.%. 

[0053] Polyether polyol synthesis and measurement of catalyst activity . A sample of the catalyst prepared as de- 
scribed in this example is used to prepare a polyether triol having a hydroxyl number of about 30 mg KOH/g by the 
method of Example 1. The activity of the catalyst, measured as described in Example 1, is 6.69 kg PO per gram of 
cobalt per minute. The product is a poly(oxypropylene) triol having a hydroxyl number of 29. 1 mg KOH/g and an un- 
saturation of 0.0042 meq/g. 

Example 3 

[0054] Catalyst Preparation. The procedure of Example 1 is followed, except that the 4000 mol. wt. poly(oxypropyl- 
ene) diol is replaced with a 2000 mol. wt. poly(oxypropylene) diol (also made using double metal cyanide catalysis). 
[0055] Elemental, thermogravimetrk;, and mass spectral analyses of the solid catalyst show: potyol = 26.5 wt.%; tert- 
butyl alcohol = 3.2 wt.%; cobalt =11.0 wt.%. 

[0056] Polyether polyol synthesis and measurement of catalyst activity. A sample of the catalyst prepared as de- 
scribed in this example is used to prepare a polyether triol having a hydroxyl number of about 30 mg KOH/g by the 
method of Example 1. The activity of the catalyst, measured as described in Example 1, is 2.34 kg PO per gram of 
cobalt per minute. The product is a poly(oxypropylene) triol having a hydroxyl number of 30.8 mg KOH/g and an un- 
saturation of 0.0037 meq/g. 
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Comparative Example 4 

[0057] This example shows the preparation of a zinc hexacyanocobaltate catalyst using tert-butyl alcohol as a com- 
plexing agent, but leaving out the polyether polyol from the catalyst preparation. 

5 [0058] Catalyst Preparation. Potassium hexacyanocobaltate (24 g) is dissolved in 01 water (450 mL) in a beaker 
(Solution 1). Zinc chloride (60 g) is dissolved in Dl water (90 mL) in a second beaker (Solution 2). Solutions 1 and 2 
are combined using a homogenizer for mixing. Immediately thereafter, a mixture of tert-butyl alcohol and water (50/50 
by volume, 600 mL) is slowly added, and the resulting slurry is homogenized for 10 min. The slurry is centrifuged, and 
the liquid portion Is decanted. The solids are reslurried in a mixture of tert-butyl alcohol and water (70/30 by volume, 

10 600 mL). and this mixture is homogenized for 10 min.. and then centrifuged and decanted as described above to isolate 
the washed solids. The solids are reslurried in 100% tert-butyl alcohol (600 mL). and the mixture is homogenized for 
10 min., centrifuged, and decanted. The solid catalyst is dried in a vacuum oven (50**C, 30 in. Hg) to constant weight. 
[0059] Elemental, thermogravimetric, and mass spectral analyses of the solid catalyst show: tert-butyl alcohol = 1 4. 1 
wt.%; cobalt = 12.5 wt.%; (polyol = 0 wt.%). 
IS [0060] Polyether polyol synthesis and measurement of catalyst activity . A sample of the catalyst prepared as de- 
scribed in this example Is used to prepare a polyether triol having a hydroxyl number of about 30 mg KOH/g by the 
method of Example 1. The activity of the catalyst, measured as described in Example 1. is 1.75 kg PO per gram of 
cobalt per minute. The product is a poly(oxypropylene) triol having a hydroxyl number of 29.8 mg KOH/g and an un- 
satu ration of 0.0052 meq/g. 

20 [0061] The results of this example demonstrate that a zinc hexacyanocobaltate catalyst made with tert-butyl alcohol 
as a complexing agent Is less active as an epoxide polymerization catalyst when a polyether polyol is not included in 
the catalyst preparation. 

Comparative Example 5 

25 

[0062] This example shows the impact of omitting the organic complexing agent (tert-butyl alcohol) from the prepa- 
ration of a zinc hexacyanocobaltate catalyst of the invention. I.e., preparing the catalyst in the presence of only a polyol. 
[0063] Catalyst preparation . Potassium hexacyanocobaltate (8.0 g) is dissolved in delonized (Dl) water (140 mL) in 
a beaker (Solution 1). Zinc chloride (25 g) is dissolved in Dl water (40 mL) in a second beaker (Solution 2). A third 
30 beaker contains Solution 3: a mixture of Dl water (200 mL) and polyol (8 g of a 4000 mol. wt. poly(oxypropylene) diol 
prepared via double metal cyanide catalysis using the method of Comparative Example 4). 

[0064] Solutions 1 and 2 are mixed together using a homogenizer. Immediately thereafter, Solution 3 (the water/ 
polyol mixture) Is slowly added, and the combined mixture is homogenized for 10 min. The mixture Is filtered under 
pressure through a 5-|im filter to isolate the solids. The solids are reslurried In a mixture of Dl water (200 mL) and the 
35 same polyol (2.0 g), the mixture is homogenized for 10 min.. and the solids are again isolated by filtration. The solids 
are reslurred In a mixture of Dl water (200 mL) and the same polyol (1.0 g), the mixture is homogenized for 10 min.. 
and the solids are again isolated by filtration. The solid catalyst is dried in a vacuum oven (SCC. 30 in. Hg) to constant 
weight. 

[0065] Elemental, thermogravimetric, and mass spectral analyses of the solid catalyst show: polyol = 61.7 wt.%; 
40 cobalt = 7.0 wt.%; (tert-butyl alcohol = 0 wt.%). 

[0066] Measurement of catalyst activity . The catalyst Is not active when tested using the method described in Ex- 
ample 1. 

[0067] This example demonstrates the need to prepare the catalyst in the presence of a complexing agent in addition 
to the polyether component; if the complexing agent is omitted, an inactive catalyst results. 

45 

Example 6. Removal of Impurities During Catalyst Preparation: Dilution Method 

[0068] This example shows a method for preparing a DMC catalyst in which impurities are removed during prepa- 
ratbn by a dilution method. The dilutbn eliminates the need for washing an Isolated polyether-containing catalyst with 

50 an aqueous solution of organic complexing agent. 

[0069] Potassium hexacyanocobaltate (40 g) is dissolved in Dl water (700 mL) in a one-gallon glass pressure reactor 
(Solution 1). A solution of zinc chloride (125 g) in Dl water (200 mL) is prepared in a beaker (Solution 2). A mixture of 
tert-butyl ateohol (500 mL) and water (500 mL) is prepared in another beaker (Solution 3). Solution 2 is added to 
Solution 1 In the glass reactor with stirring at 300 rpm. This is immediately followed by a slow addition of Solution 3 to 

S5 the reactor. The stirring rate is increased to 900 rpm, and the mixture is allowed to stir for 2 h at room temperature. 
[0070] The reaction mixture is diluted with a mixture of tert-butyl alcohol (700 mL) and Dl water (300 mL), and mixing 
continues for another hour at 500 rpm. 

[0071] One portion (1200 mL) of the catalyst slurry Is collected in a beaker, and 30 g of 4000 mol. wt. poly(oxypro- 
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pylene) diol is added and mixed for 5 min. using a stirring bar The product is filtered using a centrifuge through 5 
filter paper. Before the filter cake becomes firm, additional tert-butyl alcohol is applied to the cake, and filtration con- 
tinues until completion. The solid catalyst is not reslurried in the wash solution. The catalyst is dried in a vacuum oven 
at sec, 30 in (Hg) to constant weight. The catalyst is easily crushed to give a fine, dry powder Analysis of the catalyst 
shows: pofyol = 66.0 wt.%; tert-butyl alcohol = 1.7 wt.%, cobalt = 4 9 wt.% The catalyst has a measured activity of 
4.73 kg PO/g Co/min, and gives a polyether triol having a hydroxyl number of about 30 mg KOH/g and an unsaturation 
of 0.0059 meq/g. 

[0072] A second portion of the catalyst slurry (800 mL) is collected from the reactor into a beaker. The product is 
filtered without adding polyol. Before the filter cake becomes firm, additional tert-butyl alcohol (100 mL) is applied to 
the cake, and filtration continues until completion. The product is dried as described above. This catalyst, which contains 
9.8 wt.% cobalt and 12.9 wt.% tert-butyl alcohol (0 wt.% polyol), has a measured activity of 1.99 kg PO/g Co/min, and 
gives a polyether triol product having a hydroxyl number of about 30 mg KOH/g and an unsaturation of 0.0104 meq/g. 
[0073] Example 6 also shows, in a single example, the advantage of including a polyether polyol in the catalyst 
preparation; catalyst activity more than doubles and unsaturation of the pofyol product is substantially reduced as a 
result of preparing the catalyst in the presence of a polyether polyol. 

Example 7. Effect of Washing on Catalyst Activity 

[0074] Catalyst A (a sample of unwashed zinc hexacyanocobalate obtained in Example 2) is used to evaluate the 
impact of washing on catalyst activity. When tested for activity using the method of Example 1 , Catalyst A (unwashed) 
is found to be completeiy inactive toward propylene oxide polymerization. 

[0075] A sample of Catalyst A is washed once with an aqueous mixture containing 70% of tert-butyl alcohol. The 
sample is dried under vacuum, and activity is measured as in Example 1 . The catalyst actively polymerizes propylene 
oxide at a rate of 13.2 g PO/min. A polyether triol made from this catalyst has a hydroxyl number of 30.0 mg KOH/g, 
an unsaturation of 0.0040 meq/g. 

[0076] Another sample of Catalyst A is washed once with an aqueous mixture containing 70% of terl -butyl alcohol, 
and is washed a second time with 100% tert-butyl alcohol. The sample is dried under vacuum, and the activity is 
measured. The rate of polymerization is 26.3 g PO/min. A polyether triol made from this catalyst has a hydroxyl number 
of 29.1 mg KOH/g, an unsaturation of 0.0042 meq/g. 

[0077] This example demonstrates that a washing step may be needed to give an active catalyst. It also shows that 
multiple washing steps can give a more active catalyst. 

Example 8. Preparation of a 4K Polyfoxypropylene) Diol Using 25 ppm Catalyst 

[0078] This example shows that catalysts of the invention are active enough to enable the preparation of polyether 
polyols using low catalyst concentrations. This effectively eliminates the need for catalyst removal for many polyol end 
uses. 

[0079] A sample of the catalyst prepared in Example 1 is used. In a one-liter reactor equipped as described in Example 
1 for polyol synthesis, a 425 mol. wt. poly(oxypropylene) diol (made conventbnally from propylene glycol, KOH, and 
propylene oxide) (500 g) is pre-acttvated by combining it with 15 wt.% propylene oxide (75 g). and 200 ppm (0.117 g) 
of the zinc hexacyanocobaltateAert-butyl alcohol/polyol catalyst of Example 1. The mixture is heated to about 105"C 
for 90 min., at whk;h point the catalyst has become active, and the propylene oxide has completely reacted to produce 
a pre-activated diol initiator 

[0080] The pre-activated diol Initiator (550 g) is then transferred to a 2-gallon reactor equipped as in Example 1 , and 
propylene oxide (3850 g) is added to it over a 2-hour interval at 105**C. The catalyst concentration at the end of the 
polymerization is 25 ppm. The mixture is vacuum stripped at SO'C for 0.5 h to remove any traces of unreacted PO 
from the reactor. The product is cooled and recovered. The product is a poly(oxypropy!ene) diol having a hydroxyl 
number of 30.1 mg KOH/g and an unsaturation of 0.0034 meq/g. Before any catalyst renrioval is tried, the measured 
levels of metals in the polyol are Zn = 7 ppm, Co = 3 ppm. 

Catalyst Characterization by Powder X-ray Diffraction 

[0081] Table 2 shows typical powder X-ray diffraction results for a number of zinc hexacyanocobaltate catalysts. The 
X-ray pattern for Comparative Example 5 (a catalyst made in the presence of polyol, but no tert-butyl alcohol complexing 
agent) resembles the pattern for highly crystalline zinc hexacyanocobaltate hydrate, which Is made in the absence of 
any polyol or organic complexing agent. Both of these "catalysts" are inactive toward epoxide polymerization. 
[0082] The catalyst of-the invention (Example 1 ). which is made in the presence of both tert-butyl alcohol and polyol, 
exhibits a broad signal at a d-spacing of 5.75 angstroms. This signal is absent from the catalyst made with tert-butyl 
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alcohol but no polyol (Comparative Example 4). While the catalysts of both Examples 1 and C4 actively polymerize 
propylene oxide, the catalyst made with both tert -butyl alcohol and polyol (Example 1 ) has higher activity (see Table 1 ). 
[0083] The preceding examples are meant only as illustrations The following claims define the scope of the invention. 
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Table 2. 



DMC Catalyst Characterization by X-Ray Diffraction 


Ex# 


Catalyst 
content 


X-Ray Diffraction Pattern (d-spacings, angstroms)^ 


5.75 (br) 


5.07 (s) 


4.82 (br) 


3.76 


3.59 (s) 


2.54 (s) 


2.28 (s) 




Cryst. 
Zn-Co2 


absent 


X 


a L/o CI ) I 




y 


y 
A 


Y 
A 


05 


Polyol, 
but no 
TBA2 


absent 


X 


absent 


absent 


X 


X 


X 


04 


TBA. but 

no 
polyo|2 


absent 


absent 


X 


X 


absent 


absent 


absent fl 


1 


TBA& 
polyoP J 


X 


absent 


X 


X 


absent 


absent 


absent 1 


X = X-ray diffraction line present; (br) = broad band; (s) = sharp line. 1 
Samples were analyzed by X-ray diffraction using monochromatized Ouka^ radition {X= 1 .54059 A). A Seimens 1 
D500 Kristalloflex diff ractonneler powered at 40 kV and 30 mA was operated in a step can mode of 0.02' 29 with a [ 
counting time of 2 seconds/step. Divergence slits of T in conjunction with monochrometer and detector apertures i 
of 0.05" and 0.15** respectively. Each sample was run from 5** to 70" 26. Q 



Water of hydration can cause minor variations in meeisured d-spacings. 
Comparative example. 
CataJyst of the invention. 



Claims 

1. A solid double metal cyanide (DMC) catalyst which has enhanced activity for epoxide polymerization compared 
with a catalyst prepared In the absence of the polyether, said catalyst comprising: 

(a) a double metal cyankJe compound; 

(b) an organic complexing agent; and 

(c) from 5 to 80 wt%, based on the amount of catalyst, of a polyether having a number average molecular 
weight greater than about 500. 

2. A catalyst as claimed in claim 1 characterised in that the double metal cyanide compound is a zinc hexacyanoco- 
baltate. 

3. A catalyst as claimed in claim 1 or claim 2 characterised in that the organic complexing agent is tert-butyl alcohol. 

4. A catalyst as claimed in any preceding claim characterised in that the polyether is a polyether polyol having a 
number average molecular weight within the range of 1000 to 10.000. 

5. A catalyst as claimed in any preceding claim characterised in that it contains from 10 to 70 wt% of the polyether. 

6. A solid double metal cyanide (DMC) catalyst as claimed in claim 1 , said catalyst comprising: 

(a) a zinc hexacyanocobaltate compound; 

(b) tert-butyl alcohol; and 

(c) from 10 to 70 wt%. based on the amount of catalyst, of a polyether polyol having a number average mo- 
lecular weight within the range of 1000 to 5000; 

7. A catalyst as claimed in claim 6 having an X-ray diffraction pattern of (d-spacing. lO'^o m (A): 5.75 (br), 4.82 (br). 
3.76, and exhibits no detectable signals corresponding to highly crystalline zinc hexacyanocobaltate at about (d- 
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spacing, 10-1° m (A): 5.07. 3.59. 2.54, 2.28. 

8. A catalyst as claimed in claim 6 or claim 7 having a cobalt content within the range of 5 to 10 wt%. 

9. A catalyst as claimed in any preceding claim characterised in that the polyether is a poly(oxypropylone) diol having 
a number average molecular weight within the range of 2000 to 4000. 

10. A catalyst as claimed in any preceding claim characterised in that it contains from 15 to 60 wt% of the polyether 

11. A method which comprises preparing a solid double metal cyanide (DMC) catalyst in the presence of an organic 
complexing agent and a polyether having a number average molecular weight greater than about 500, wherein 
the solid DMC catalyst contains from 5 to 80 wt% of the polyether. 

12. A method as claimed in claim 11 characterised in that the polyether is a polyether polyol having a number average 
molecular weight within the range of 1000 to 10,000. 

13. A method as claimed in claim 12 characterised in that the polyether is a poly(oxypropylene) diol having a number 
average molecular weight within the range of 2000 to 4000. 

14. A method as claimed in any one of claim 11 to 1 3 characterised in that the DMC catalyst is a zinc hexacyanoco- 
baltate. 

15. A method as claimed in any one of claim 11 to 14 characterised in that the DMC catalyst contains from 15 to 60 
wt% of the polyether polyol. 

16. A method as claimed in any one of claims 11 to 1 5 characterised in that the organic complexing agent is tert-butyl 
alcohol. 

17. A method as claimed in claim 16 comprising: 

(a) reacting aqueous solutions of a metal salt (excess) and a metal cyanide salt in the presence of an organic 
complexing agent using efficient mixing to produce a catalyst slurry; 

(b) combining the catalyst slurry with the polyether; 

(c) isolating a polyether-containing solid catalyst from the slurry; 

(d) washing the polyether-containing solid catalyst with an aqueous solution that contains additional organic 
complexing agent; and 

(e) recovering the solid DMC catalyst. 

18. A method as claimed in claim 17 characterised in that the aqueous solution of organic complexing agent in step 
(d) also includes additional polyether. 

19. A method as claimed in claim 18 characterised in that, after step (d), the washed polyether-containing solid catalyst 
is washed again with additional organic complexing agent or with a micture of polyether and organic complexing 
agent. 

20. A method as claimed in claim 6 comprising: 

(a) reacting aqueous solutions of a metal salt (excess) and a metal cyanide salt in the presence of an organic 
complexing agent using efficient mixing to produce a catalyst slurry; 

(b) efficiently mixing the catalyst slurry with a diluent which comprises an aqueous solution of additional organic 
complexing agent; 

(c) combining the catalyst slurry from step (b) with the polyether; 

(d) isolating a polyether-containing catalyst from the slurry; and 

(e) recovering the solid DMC catalyst. 

21. A method as claimed in claim 20 characterised in that, after step (d), the polyether-containing solid catalyst is 
washed with additional organic complexing agent or with a mixture of additional polyether and organic complexing 
agent. 
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22. A method as claimed in any one of claims 17 to 20 characterised in that the catalyst slurry is combined with the 
polyether using low-shear mixing. 

23. A process for polymerizing an epoxide, said process comprising reacting an epoxide and a hydroxy! group-con- 
taining initiator in the presence of a catalyst as claimed in any one of claims 1 lo 10 or made by a method as 
claimed in any one of claims 11 to 21. 



Patentanspruche 

1 . Foster Doppolmetallcyanidkatalysator (DMC-Katalysator), dor im Vergleich mit einem ohne Polyether hergestellten 
Katalysator verbesserte Aktivitat bei der Epoxidpolymerisation aufweist, umfassend: 

(a) eine Doppelmetallcyanidverbindung, 

(b) einen organischen Komplexbildner und 

(c) bezogen auf die Katalysatormenge 5 bis BO Gew.-% eines Polyethers mit cinom zahlenmittleren Moleku- 
largewichl von mehr als etwa 500. 

2. Katalysator nach Anspruch 1 , dadurch gekennzeichnet, da3 die Doppelmetallcyanidverbindung ein Zinkhexacya- 
nocobaltat ist. 

3. Katalysator nach Anspruch 1 oder 2, dadurch gekennzerchnet, daf3 der organische Komplexbildner tert-Butylal- 
kohol ist. 

4. Katalysator nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daO der Polyether ein Polyether- 
polyol mit einem zahlenmittleren Molekulargewicht im Bereich von 1.000 bis 10.000 ist. 

5. Katalysator nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daOer 10 bis 70Gew.-% Polyether 
enthalt. 

6. Fester Doppelmetallcyanidkatalysator (DMC-Katalysator) nach Anspruch 1 , der 

(a) eine ZInkhexacyanocobattatverbindung, 

(b) tert-Butylalkohol und 

(c) bezogen auf die Katalysatormenge 10 bis 70 Gew.-% eines Polyetherpolyols mit einem zahlenmittleren 
Molekulargewicht im Bereich von 1.000 bis 5.000 

enthalt. 

7. Katalysator nach Anspruch 6, der ein Rontgenbeugungsmuster [d-lntervall. 10-^** m (A)] von 5.75 (br), 4,82 (br), 
3,76 aufweist und keine nachweisbaren Signale aussendet. die hochkristallinem Hexacyanocobaltat bei etwa [d- 
Inten/all. 10-io m (A)]: 5,07. 3,59, 2,54. 2.28 entsprechen. 

8. Katalysator nach Anspruch 6 oder 7 mit einem Cobaltgehalt im Bereich von 5 bis 10 Gew.-%. 

9. Katalysator nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daO der Polyether ein Poiy(oxy) 
propylendiol mit einem zahlenmittleren Molekulargewicht im Bereich von 2.000 bis 4.000 ist. 

10. Katalysator nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, da3 er 15bis60Gcw.-% Polyether 
aufweist 

11. Verfahren, bei dem ein fester Doppelmetallcyanidkatalysator (DMC-Katalysator) in Gegenwart eines organischen 
Komplexbildners und eines Polyethers mit einem zahlenmittleren Molekulargewicht von mehr als etwa 500 her- 
gestellt wird, wobei der feste DMC-Katalysator 5 bis 80 Gew.-% Polyether enthalt. 
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12. Verfahren nach Anspruch 11, dadurch gekennzoichnet, da3 der Polyether ein Polyetherpolyol mit einem zahlen- 
mtttlaren Molekulargowicht im Beretch von 1.000 bis 10.000 ist. 

13. Vertahren nach Anspruch 12. dadurch gokGnnzeichnet, daf3 der Polyether ein PoIy(oxypropylGn)dioI mit einem 
zahlenmittleran Molekulargewicht im Bereich von 2.000 bis 4.00O ist. 

14. Verfahren nach einem der Anspruche 11 bis 13. dadurch gekennzeichnet. daO der DMC-Katalysator ein Zinkhe- 
xacyanocobaltat ist. 

15. Verfahren nach einem der Anspruche 11 bis 14, dadurch gekennzeichnet, da3 der DMC-Katalysator 15 bis 60 
Gew.-% Polyetherpolyol enthalt. 

16. Verfahren nach einem der Anspruche 11 bis 15, dadurch gekennzeichnet. daB der organische Komplexbildner 
tert-Butylalkohol ist. 

17. Verfahren nach Anspruch 16. bei dem man 

(a) waGrige Losungen aires Metallsalzes (OberschuO) und eines Mctallcyanids in Gegenwart eines organi- 
schen Komplexbildners unter kraftigem Vermischen zur Umsetzung bringt, urn eine Katalysatoraufschlam- 
mungherzustellen; 

(b) die Katalysatoraufschlammung mit dem Polyether kombiniert; 

(c) einen polyetherhaltigen festen Katalysator aus der Aufschlammung isolierl; 

(d) den polyetherhaltigcn festen Katalysator mit einer wafBrigen Losung wascht, die zusatzlichcn organischen 
Komplexbildner enthalt, und 

(e) den festen DMC-Katalysator gewinnt. 

18. Verfahren nach Anspruch 17, dadurch gekennzeichnet. da3die waBrige Losung des organischen Komplexbildners 
in Schfitt (d) auch zusatzlichen polyether enthalt. 

19. Verfahren nach Anspruch 18, dadurch gekennzeichnet, daf^ nach Schritt (d) der gewaschene polyetherhaltige 
teste Katalysator emeut mit zusatzlichem organischen Komplexbildner oder mit einem Gemisch aus Polyether 
und organ ischem Komplexbildner gewaschen wird. 

20. Verfahren nach Anspruch 6. bei dem man 

(a) waOrige Losungen eines Melallsalzes (UberschuB) und eines Metallcyanidsalzes in Gegenwart eines or- 
ganischen Komplexbildners unter kraftigem Ruhren zur Umsetzung bringt, urn eine Katalysatoraufschlam- 
mung herzustellen; 

(b) die Katalysatoraufschlammung grundlich mit einem Verdunner vermischt, der eine waGrige Losung eines 
weiteren organischen Komplexbildners enthalt; , 

(c) die Katalysatorautschiammung aus Schritt (b) mit dem Polyether kombiniert; 

(d) einen polyetherhaltigen Katalysator aus der Aufschlammung isoliert und 

(e) den festen DMC-Katalysator gewinnt. 

21. Verfahren nach Anspruch 20, dadurch gekennzeichnet, daB der polyetherhaltige feste Katalysator nach Schritt (d) 
mil zusatzlichem organischen Komplexbildner Oder einem Gemisch aus zusatzlichem Polyether und einem orga- 
nischen Komplexbildner gewaschen wird. 

22. Verfahren nach einem der Anspruche 17 bis 20, dadurch gekennzeichnet. daB die Katalysatoraufschlammung 
durch Mixen mit geringer Scherung mit dem Polyether kombiniert wird. 
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23. Verfahren zur Polymerisation einos Epoxids. bei dem man ein Epoxid und einen Hydroxylgruppen enthaltenden 
Initiator in Gegenwart ©ines Katatysators nach einem der Anspruche 1 bis 10, bzw. dor nach eIn Verfahren nach 
einem der Anspruche 11 bis 21 hergestellt wurde, zur Umsetzung bringt 

Revendlcations 

1 . Catalyseur au cyanuro nri61alIiquG double solide (DMC) qui prdsente une activit6 am6lior6e pour la polym6risation 
epoxyde par rapport a un catalyseur prepare en I'absence du poly^ther, le catalyseur compronant : 

(a) un compost cyanure metallique double; 

(b) un agent complexant organique; et 

(c) de 5 & 80% en poids, rapportes au poids du catalyseur, d'un polyether ayant un poids molecuiaire en 
nombre moyen sup^rieur a environ 500; 

2. Catalyseur selon la revendication 1, caracterise en ce que le compost cyanure metallique double est un hexa- 
cyanocobaltate de zinc. 

3. Catalyseur selon la revendication, 1 ou la revendication 2, caract6ris6 en ce que I'agent complexant organique 
est Talcool de tert-butyle. 

4. Catalyseur selon Tune quelconque des revendications prec6dentes, caract6rls6 en ce que le poly6ther est un 
polydlher polyol ayant un poids molecuiaire en nombre moyen dans la plage de 1000 k 10.000. 

5. Catalyseur salon Tune quelconque des revendications prdcedentes, caracterisd en ce qu'il contient de 10 ^ 70% 
en poids de polyether 

6. Catalyseur au cyanure metallique double solide (DMC) selon la revendication 1 , le catalyseur comprenant ; 

(a) un compos6 d'hexacyanocobaltate de zinc; 

(b) un alcool de tert-butyle; et 

(c) de 1 0 ^ 70% en poids, rapport6s ci la quantito de catalyseur, d'un polyether polyol ayant un poids moldculaire 
en nombre moyen dans la plage de 1000 ^ 5000; 

7. Catalyseur selon la revendication 6, ayant un schema de diffraction au rayon X de (d,10-''°"'(A): 5.75 (br), 4.82 
(br), 3.76 et ne prdsente pas de signaux d^tectables correspondant ^ I'hexacyanocobaltate de zinc fortement 
cristallin ^ environ ( d10-iO"'(A) 5.07, 3.59. 2.54, 2.28. 

8. Catalyseur selon la revendication 6 ou la revendication 7 ayant una teneur en cobalt dans la plage de 5 ^ 10% en 
poids. 

9. Catalyseur selon Tune quelconque des revendications pr^cddentes, caractdrisd en ce que le poly6lher est un poly 
(oxypropyl6ne) diol ayant un poids moldculaire en nombre moyen dans la plage de 2000 k 4000. 

10. Catalyseur selon Tune quelconque des revendications pr6c6dentes. caract6ris6 en ce qu'il contient de 15 ^ 60 % 
en poids du polyether. 

11. Proc6d6 qui comprend la pr6paration d'un catalyseur au cyanure metallique double solide DMC en presence d'un 
agent complexant organique et d'un polyether ayant un poids molecuiaire moyen en nombre supdrieur k environ 
500. dans lequel le catalyseur DMC solide contient de 5 ^ 80 % en poids du polyether 

12. Proc6d6 selon la revendication 11 . caract6ris6 en ce que le poty6ther est un poly6ther glycol ayant un poids mo- 
lecuiaire en nombre moyen dans la plage de 1000 k 10.000. 

13. Proc6d6 selon la revendication 12, caract^risd en ce que le polyether est un polyoxypropyl&ne diol ayant un poids 
molecuiaire moyen en nombre dans la plage de 2000 k 4000. 

14. Procede selon I'une quelconque des revendications 11 ^13. caracterisd en ce que le catalyseur DMC est un 
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hexacyancx:obattate de zinc. 

15. Precede selon Tune quelconque des revendications 11 a 14. caract^rise en ce que le calalyseur DMC conlient de 
1 5 ^ 75 7o en poids de poly^ther poiyol. 

16. Precede selon Tune quelconque des revendications 11 a 15. caracterise en ce que I'agent connplexant organique 
est un alcool de tert-butyle. 



17. Proc6d6 selon la revendication 16 comprcnant les 6tapes consistant ^ ; 



(a) mettre en reaction des solutions aqueuses d'un sel metallique (excedent) et d'un sel de cyanure metallique 
en presence d'un agent complexant organique en utilisant un melange efficace pour produire une boue de 
catalyse ur; 

(b) combiner la boue de catalyseur avec le polyether; 

(c) iscler de la boue un catalyseur solide contenant un polyether; 

(d) laver le catalyseur solide contenant le polyether avec une solution aqueuse qui contient un agent com- 
plexant organique supp)6mentaire et; 

(e) r6cup6rer la catalyseur DMC solide. 

18. Proc6d6 selon la revendication 17 caract6ris6 en ce que la solution aqueuse d'agent complexant organique ^ 
r^tape (d) comprend egalement un polyether supplementaire. 

1 9. Proc6d6 selon la revendication 1 8, caractdris6 en ce qu'apr^s I'etape (d), le catalyseur solide contenant le polyether 
Iav6, est lav6 6 nouveau avec un agent complexant organique supplementaire ou avec un melange de polyether 
et d'agent complexant organique. 



20. Procede selon la revendication 6, comprenant les etapes consistant a 



(a) mettre en reaction des solutions aqueuses d'un sel metallique (exc6dent) et d'un sel de cyanure mdtallique 
en presence d'un agent complexant organique en ayant recours h un melange efficace pour produire une 
boue de catalyseur; 

(b) mfilanger efficacement la boue de catalyseur avec un dituant qui comprend une solution aqueuse d'agent 
complexant organique supplementaire; 

(c) combiner la boue de catalyseur de retape (b) avec le polyether; 

(d) isoler de la boue un catalyseur contenant le polyether et 

(e) r6cup6rer le catalyseur DMC solide 

21 . Procedd selon la revendication 20. caracterise en ce qu'apr^s I'etape (d), le catalyseur solide contenant le polyether 
est lave avec un agent complexant organique supplementaire ou avec un melange de polyether supplementaire 
et d'agent complexant organique. 

22. Procede selon Tune quelconque des revendications 17 ^ 20, caracterise en ce que la boue de catalyseur est 
combines avec le polyether ayant recours h un melange k taible cisaillement. 

23. Precede pour la polymerisation en epoxyde, le procede comprenant la mise en reaction d*un epoxyde et d'un 
amor<;eur contenant un groups hydroxyle en pressncs d'un catalyseur selon I'une quelconque des revendications 
1 ^ 10 ou realise par un procede selon I'une quelconque des revendications 11 ^ 21. 
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